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SPIRAL STENT 
BACKGROUND OF THE INVENTION 

This invention relates generally to self "expanding 
endovasculnr stents for use in preventing restenosis of 
5 passageways and ducts in the body, to repair aneucysiMs 
percutaneously* and also for dilating recurring stenosis 
immediately after attempts with ballooning. 

This invention represents an improvement in the 
self-expanding stents described and shown in U.S. latent No. 

10 4,5*10,568 to Gianturco. Conventional stents of this typo 
include a wire formed in a closed zigzag configuration ih*i 
includes an endless series of straight sections joined by 
bends* A conventional zigzag stent is resiliency 
compressible into a small diameter such that the stiaighl 

15 sections ate arranged side by side and closely adjacent on<> 
another for insertion into a passageway ♦ The stent is 
lesiliently self -expandable into a larger second diametei. 
wherein the straight sections press against the walls of the 
passageway to maintain it open. Although conventional zigzag 

20 stents have proven quite useful in many situations, theii 

performance characteristics tend to a&vT&as* as the lengLh of 
the stent increases. 

Self -expanding stents are normally evaluated with respect 
to four performance characteristics: the radial Jy »utwaid 

23 expansile force that - 1 lie . stent .exfimts. _yw the vascular wall; 
the small diameter to which the stent is capable of be in si 
compressed for the insertion procedure; the ability of the 
stent to adapt to curved passageways in tin* patient's body; 
and the stability of th* stent in not tnigtnting from it- 

30 originally implanted position within the patient* 

Conventional aigzaci stents must normally be madt? 
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relati». ly , hol . e strain , 

«• «-» from r Ba(Jily aaaptin, 1 SeCti °" S 

» Patient. Fur t ., et «, re thl e, r 

»«n to TOal£y thB conventions . I... 

*"«U*r of sn o, t „ ac . nes ^ *r connoctin, . 

stent assealUy. Altlloug|l ""V* ° ne 

««-espa.. aing ste „t that i„cl„a., ..Hl °?" • 1 °"'"«< 
..™ a perror».nce characteristic, ov. r 

The present invention 9Xso _ . 

« «- s 8 „.„ pandilia SI>lril . t .., t r™o. a " n 7r v pr ,,t ° vei 

° watM """9 br spirally wrapping , -i.. .k„ ! 

T*" t0 PrDdu « «- o« ar.»„ac k to Lo tZZlL 

design, however, is that all of rtuk 
make uo fch.» 6 elon 9 a *e members that 

ZT L W " Pa " ern baV ° equal l^ths. The result 

bel„ 9 that a bisector of the an 9 l« Miaea by eacl| ~ U * L 

5 e^ete* .ae.be, 3 -is-no* parous to the central axH of ch e 
Cashed stent. This causes the stent to una esirabJv £.*£ t 
« shape when s.«.n y con^essec! for the implantation 

^sector of each pair of elonoateJ members is p^.u., r „ 
3 tb. central a*is of the fi llis|icd steiJt . Such g J ^ 

- Proceed b y the m*t,.ou stents tauQl , t ™ _ 



12x04/01 13:59 
w O 93/13825 



PATENT EXPRESS -> +2028577929 



N0.97S P013 



PCT/LS93/0035S 



-3- 



SUMMARY op rut INVENTION 

The preferred embodiment of the present invention 
xncludes a wire bent into an elongated zi g 8 ao uatt « r „ , 

a ^ talLty Q£ sub8tantialJy 5traight Mi ;r;: c r :;r n 

5 S e pacatino a r , urality of bemJ<5 rUe el " 

Pattern is helically wound about a centrol axis to define , 
*«b.l.r Shape such that a majority of the plurality & ^ 
are disposed xn a helix. Means are provided for 
interconnecting adjacent bends of the helix The . 
10 the capability of being .adially ^ \\£ \ ^ 
small-diameter shape such that the straight wire seeiLi 
the bends are tightly pacKed around the Z^^^U* 
tubular shape. The stent will resiliently 5e if exp^to 
^ the tubular shape whe „ releaeed f _ ^ ~ * 

one object of the present invention is to provide on 
elongated self -expanding stent having substantially uniform 
expansxle force along the length of the stent 

Another object of the present invention is to provide a 
20 stent which may be compressed i„ ko I ZTl 

axameter for improved percutaneous insertability 

Stall another object of the present invention is to 
Provxde an elongated self-expanding stent which has a 
substantially uniform capability al 0 „„ ltS length to adapt to 

T h thfe ™ l3r SySt6W Wh « e ^"«ent is impla^ea. 
Another object of t„e present invention is to provide a 
stent which has improved stability i„ maintaining L 
position within the patient. 

,n « P ^ nall 3T : ^ is an object of the present invention to 
30 provxde an xmproved self -expanding stent 

win^e^^ ° bj r^ adVaMtWS ° f F*—»k invention 

wxJl be apparent from the following description. 



i 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a plan view showina a wir« ***** * a_ 
zi<J*ag pattern. * ^ Int ° an Ungated 

FIG. 2 is an enlarged view of one ... 
of FIG. 1. f thS * x 9aag pattern 

FIG. 3 is a side elevation of the DrR fp rroH «„k 
th _ . ^ cne Preferred embodiment of 

the present invention m its expanded state. 

FIG. 4 is an end view of the stent of fig 3 

FIG. 5 i 5 a side elevation of the preferred embodiment of 
the present invention in its compressed state 

FIG. 6 is an enlarged view of a portion stent of FIG. 3. 

FIG 7 is a sxde elevation of another embodiment of the 
present xnvention in its expanded shape. 
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DESCRIPTION OF THIS PREFER RED EMBODIMENT 

For the purposes of promoting 3n understanding of thr 
pr.nc.pl.. of the invention, ^e.ence win now Z Lde To 
he -boa irae „ t ill U5tratefl Jn tlje a m £ I* 

5 language will be used Lo Scribe the same. It will 

nevertheless be understood that no ligation oE the SCOP e of 
the xnvention is thereby tended, Such altefations ° f 
further modifications in tne illustrated device. a ,,d such 

10 nll T °" S ° £ pri " ci * les the invention as 

10 illustrated therein being contemplated as would Il0rm8lJy 

occur to one skilled in u.e „ t to whit .h invention 
relates. 

Referring now more particularly to the drawings, there is 

s te^ I"'! ^ 1 9 midPOint ^ the c —tL of „e 

stent which comprises the preferred embodiment of the pre , ene 
invention. FIG. 1 shows a t-i »~ .. • . c 

e SlOWS 3 Wire 2 "to a« elongated zig zag 

pattern 5 having a plurality of substantially straight wire 
sections 9-15 of various lengths separated ,, y a plurality of 
bends 8. The wire has first and second ends designated as 6 
and 7. respectively. Zigzag pattern 5 is preferably forced 
ftom a single strand of stainless steel wire having a 
diameter in the range of 0.005 to 0.025 inch. 

FIG. 3 shows a completed stent 30 according t., the 
preferred embodiment of the present invention. The 
construction of the stent is completed by helically winding 
elongated zigzag pattern 5 about a central axis 31. 2i „ zaa 
pattern 5 is wound in such a way that o majority of the bend- 
8 9 « distributed in a helix a i 0M „ the lengklj wf , |w 
30. There are preferably about twelve interconnected Lends 
in each revolution of the helix/ or six adjacent bends or tho 
zigzag pattern i„ each rev„i„tioii. The construction of s ,en» 
30 is completed by interconnecting adjacent bends of the 
helix with a filament 32, preferably a „ y i„„ monofilament 
suture. Filament 33 acts as a limit means to prevent the 
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>. MM by . plutality o£ 3 '„ !, .r* of ste,,t 30 

> tl,en> Sel » es interconnected with „ 7i\l,L t\ 

e»Uodi„e„ts oe tlle pr .,. nt „ l v h ei l ^^' t Oth., 
»hlc the end fends 36 ar „ »«. c,„ tTOplateiJ ,„ 

.»-«- ««. A^y.v:„Y: .vrrr *■ «- 

revea.in, lt . tubulac T, £ of « furtlIei 
.0 -Hen „ atally compress . d ^Jll nt UrZ' 'T" 30 " 3 

-tr.l, ht wire sections and tl " e 112 W > ""* th " t,,e 

around ce.tc.1 a*ls 31. ' 9 " tl>r """•O 
Referring back Lo nr t 

•f .tr.i,ht !i„ secTi™',. * Patt,t " " •*«• 

» distributed in ! ' rt , ln * lon « t "* »«C are 

...... .^u« ure :; ,; e n tt to betier *». 

instance, in one JL- \ ' —•»««"•«- F., 

length o( 9 xi followed tnr two wi ... „„, . 
each being u „, in ! sections 11 

•*» .eetions „ * avin( , a C s : ta l'; UWrt '~> 

followed by a e innlft „- ' Se CtK>n« 15 axe 

TnL gradean! T " h ' Vl '' 9 « 1 """> » 

* ne5e gradually increasing wire e^^4^ 0 

-« i«- . iw patt e,„ .,,„„,. £ 1^ , MthK ^ 

25 Hof i r*«j " Ml stent to have we J J 

defied squaxe ends. Jn other words, t|„> gradually 

=e«,o„ 5 „ being 15 - lo lengtll . „,., , u 

- continued for wh.tever distance 1. desireTu =1 """"^ 
to the desired length o£ the «nal stent ^. L"'™^ 

5 ien9ih •■»« -"o„, „ ...o ion?.::":::":: 
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Primarily dependent upon LJie desired slope or tu» • , 

' , ' JMi ''" , " u,nt,et ot «» earl, 

wolulio,, ot the i,eli«. ear " 

spectively. a bend 8 connecrs each pair of short aun i 
can be b lsecte d *y . bisector ^ ^ rt VL q 

parallel to the central axis 31 of tne skent . a £ 

FIG. 2 shows an enlaced view of one end of the zigzag 
pattern. End 6 of the wire l« pent to form a closod eye 
portion 20. Eye 20 is preferably kept eJosed hy the 
application of the Sroa u amount of solder to the end 6 of the 
wire after it has been bent into a small loop. Each of the 

* T PaCter " 9 " b ° nt t0 include a •"■!» eye 

portion designated as 21 and 23 in fig. 2, respectively. Eye 

21 includes a snail amount of solder 22 which renders eye 21 

closed. Bye 23 includes no solder and is left open, m lh e 

preferred embodiment, all the end bends 36 shown in rrc 3 

25 are fprined. and.soldered similar to closed eye 21 so that the 
filament which is tied to each eye is "less likely to esc* P e. 
The bends 8 which define the helix can b« either in the Co,,,, 
of a closed eye, as in eye 21, or open n3 in eye 23. 
TIG. 7 shows another embodiment of the present 

30 invention. stent 50 is similar to S >e,,t 30 discussed 
previously except in this case, end bends 36 are not 
interconnected to one another. Stent bO is also ciiffe f ent in 
the way that the respective ends of the wire are connected to 
the remainder of the stent. In the case of stent 50, the end 

3S sections 5» are soldered to an adjacent elongated section 
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60. on the other hand, ends 6 of stent 30 shown in FIG. 3 
are tied into the helix between two adjacent Lends 8 of the 
helix, it is to be understood that the means employed for 
connecting the ends of the wire into the finished Stent can 
5 be varied without depatting from the intended scope of the 
present invention. What is important i= that the e „d 
sections of the wire be secured to the stent in such a way 
that they are not left to dangle Eieely so as Lo i„ le «fer e 
with the stents expansion or present a risk of unnecessary 
10 trauma to the vascular wall of the patient. 

Because of the helical pattern of the present invention, 
the bends of the stent are distiibuted along its length 
rather than being concentrated at certain locations along the 
length of the stent. Thus the spiral stent is able to define 
IS a smaller compressed shape than either conventional 2 ig 8ag 
stents or modified zigzag stents in which the bends are all 
located at a single location along the length of the stent. 
It is also believed that the helical pattern allows the 
elongated stent to more uniformly accommodate curves in the 
20 vascular system of a patient. The helical structure also 
produces a more uniform radial expansile force along the 
length of the stent. Finally, the spiral stents of the 
present invention are more reliable in maintaining their 
position within a patient. 
25 one variation of the present -invention might- i-uclude a 

flexible sleeve attached to the outer or inner surface of the 
stent such that an elongated stent could be used to iepair an 
aneurysm, in this use, the end portions of the sleeved stent 
would contact the wall of the vessel, and the body of u.-r 
30 sleeved stent would span the aneurysm. The sleeve could be 
made from nylon, plastic or any other biocompatible 
material, if the sleeve weie made oC plastic, the stent 
could be attached to the sleeve by embedding the stent in u,e 
Plastic, if made of nylon, the sleeve could be attached to 
33 the stent by a plurality of stitches. It is to be understood 
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t"at uie means for attachim, U ,e stent to , . 

varied depe„di„ 9 upon the ^ L ° »« ^«-e could b e 

«"V«ti, B . Furthermore. the sleetfe 2i. c PrSSent 
5 U,e means foc interco , Iliecti &ai *Tl , ^ USed s * 

Another variation of tul Pr ZlT' °* *** h9lU ' 

varyin, the i engLhs of U^T^ZT^ ~- 
Pattern. Tor instate, 3 horte„i„o the 1 *' y " 9 
l.«.th.„i„ B tB . shortest S ec rirco^ hT eSt 1 SGCti ° n "* 

*>9*ag pattern i„ « uch a wa „ tha . * tQ airan 9» the 

* the Ste „t has a ailltlr ti a v " ** W 

►he stent i„ otn ^ , alo "« U ' e l*»»tl, of 

a co ra bi„a,io« of the I , , f ' diamete *' °* even 

varying alono It C ° Uld be ec «™P^5hed by 

variation would be to varv ti.a i. M c anocner 

tu vary cue lengths of the uira <-»»t. - _ 
within the body of the «i-o«i- * V. sections 

way or. the stent to create curves or lo varv ih„ 
expansile f0 rco along the length of the stent * \ 

« de ta r? ile rr* inventi ° n has —* i«««tr.t«i ana ^ SC n^ a in 

25 detail xn the dxa W i w ^d.ior^ description, the a a,ne 1 

to be considered as illustrative and not r Mtric uve i I 
character, it beino understood that only the J£™ m " 
en,bod4me..t has been show,, 3n <3 described and that al , t 

and .aodifications that co„,e within thl .£ lt ^ j I 
3D invention are desired to be protected. ! 
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-lo- 
w's claim: 

- A self- e » P a,,di«q stent eomprJ.i,,,, 
a w ire bent into an elongated 
Plurality of substantially a ^ 

* a Plurality of bends; ^ SeCti "» s ••P"«tiny « 

said aigzag pattern being helieaiiv 

«I£-e«a„d« ^ «b«eby said « te „t r«J,i MtJy 

"it-expands to assume said tubular r|,>™ ,.i . 
IS «ia coa-presse,, s t.t«. '° " le »«-> 

n,„„a' £o r e r U " eiPa " din9 ° f Clii " 1 «*' 

nas cwo ends, each said end being defined by a 
^^"^ty-of end tends, adjacent said end bend* being 
interconnected by a f il a ,ne,.| . 9 

2, Sel£ - easpa » di «« stent of clai.,, 3 wherein each of 

25 said plurality of bends is bent to Jnn mle ft „ . * f 

said f.i^^... - . snciwie on eye portion, 

eaxd filament being tied to eacn said eye r r,rtio„. 

two t'c J'"; Self ^' andi "« itent < wherein nt W 

two oC said eye portions are closed, 

0. T„e self -expanding st e„t of cjaiu, 5 wherein said wi,. 



^ . \ 
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has first and second ends 



-U and i„terco„ Mcted " ^l " l " 

said nellx. ° tw<> a,, J«e„t saia b.nrts in 



5 7. T h« self-axpandioy stent of el.i.. , » 

H»t a„a Second Mds . eac „ J,, ^ »" •»•« »ld -ire 

8- The self -expanding stent of , . 

tubular shape define a wTanda 1 Mld 
10 along said length. that varies 

». The 5 el£ expanding ste ..l of claim 1 further 
stent. "exxuie sleeve be i»g supported by soiu 

,s — — — r::; r °< 

ctnrr^ saw — * -~-n/—««. .... 
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